Introduction
============

Studies published in recent years show a positive association between pulmonary function and cognitive performance in individuals from middle age on.[@b1-cia-10-593],[@b2-cia-10-593] This association appears to become even stronger as the individuals grow older.[@b3-cia-10-593] These findings suggest that the structural alterations observed in the respiratory system,[@b4-cia-10-593],[@b5-cia-10-593] modulated by a sedentary lifestyle or by pathologies, might explain the cognitive decline observed during the aging process.

In this context, the regular practice of physical exercise stands out as an accessible and highly promising intervention for the maintenance of cognitive functions.[@b6-cia-10-593] Previous studies have shown that the elderly present better cognitive performance after periods of systematized practice of physical exercise.[@b7-cia-10-593],[@b8-cia-10-593] High levels of physical fitness that remain stable appear to play a neuroprotective role against cognitive decline.[@b9-cia-10-593],[@b10-cia-10-593] However, it is still unclear whether the improvements in cognitive functions are due to improvements in the cardiovascular system.[@b11-cia-10-593],[@b12-cia-10-593] Etnier et al[@b11-cia-10-593] suggested that other physiological variables may serve to mediate the relationship between cognitive functions and exercise. This relationship could be explained by the efficiency of the respiratory system. By improving the respiratory system, physical exercise could promote better blood oxygenation and cerebral function. More accurate cognitive performance has been associated with better results in tests of pulmonary function.[@b13-cia-10-593]

The relation between oxygen supply and cognitive function needs better characterization. Because the physiological variables that explain the connection between physical exercise and cognitive performance were not clear, the hypothesis of the present study was that physical exercise could alter the blood parameters of oxygen transport and, hence, promote improvements in cognitive performance. Additionally, we hypothesized that other techniques for training specific respiratory muscles might yield similar results to those of exercises.[@b14-cia-10-593],[@b15-cia-10-593]

In contrast, the literature lacks studies that associate these respiratory exercise techniques with physiological indices of oxygen and with possible effects on cognitive functions in healthy elderly subjects. In addition to the physical exercise itself, the effectiveness of these techniques in the rehabilitation of respiratory processes might also produce positive effects on cognitive function and should, therefore, be encouraged. Specifically, in the current study we tested the hypothesis that interventions for respiratory system can: (1) improve pulmonary functions, (2) improve oxygen saturation in arterial blood (SpO~2~); and (3) improve cognitive performance.

Consequently, the objective of the present study was to assess the possible effects of aerobic physical exercise and respiratory training on the blood oxygenation, pulmonary functions, and cognition of the elderly.

Methods
=======

This was a study employing a balanced randomization, controlled, parallel-group design ([Figure 1](#f1-cia-10-593){ref-type="fig"}). The study protocol was approved by committee of ethics in research (UNIFESP-HSP 0129/09). The participants were recruited in the community through advertisements in the media and signed a consent form to participate. There was no racial or sex bias in the selection of participants. Each participant was assessed at baseline and post-6 months. The neuropsychological evaluations were conducted by a researcher who was blind to participant experimental group assignment.

Sample
------

The final sample comprised 68 elderly individuals of both sexes. The inclusion criteria were: age between 60 and 79 years; no clinical diseases related to the respiratory system; not a user of tobacco, psychotropic drugs, or any medication that could influence cognitive performance; at least 8 years of schooling; no mild cognitive impairment or diagnosis of dementia; and not presenting limiting participation in the intervention programs proposed. Participants were randomly distributed in equal numbers (raffled by the researcher) to each of the three intervention groups.

Measurements
------------

The evaluation comprised cognitive tests and questionnaires, and physical and laboratory investigations. The cognitive tests and questionnaires included: (1) the Mini-Mental State Examination; (2) the Wechsler Adult Intelligence Scale, subscales Digit Span, Vocabulary, Information, and Symbol Search; (3) the Wechsler Memory Scale, subscales Logic Memory I and II, and Corsi block-tapping test; (4) the Wisconsin Card Sorting Test; (5) the State-Trait Anxiety Inventory (STAI), State-Anxiety subscale; (6) the Geriatric Depression Scale (GDS); and (7) the Modified Baecke Questionnaire for the elderly (for level of physical activity).[@b16-cia-10-593]

The physical evaluations mainly included respiratory assessments. Respiratory muscular strength was measured with a manovacuometer (maximal inspiratory pressure and maximal expiratory pressure). Cirtometry (thoracic and abdominal measurements) was performed with a measuring tape at three anatomical reference points: the axillary fold, the xiphoid process, and the umbilical scar. With the volunteers in a standing position, we took two measurements of each point, one during maximal inspiration (total lung capacity) and the other during maximal expiration (residual volume). Using those measurements, we calculated the amplitude index (AI) of each region, according to the formula: $$\text{AI}(\text{cm})\  = \ \text{Maximal~inspiration} - \text{Maximal~expiration}$$

SpO~2~ and heart rate at rest were also evaluated, with a pulse oximeter (after a 10-minute seated period).

Laboratory evaluations were also done. A hemogram, by automation (cytochemical/isovolumetric), was confirmed by reading of a microscope slide. The sample collections were performed in the morning (8 am to 10 am) after a nighttime fast of 10 hours.

Interventions
-------------

### Aerobic exercise group (the "walking" group)

The volunteers followed a program of supervised walking that lasted 6 months, three times a week, with duration of 40--50 minutes for each session. The intensity was controlled by a cardiac monitor and was limited to a range of 60%--80% of the heart rate reserve (moderate intensity).

### Respiratory training group (the "breathing" group)

A second experimental group followed a program of exercise that focused specifically on the respiratory system. The duration and weekly frequency were the same as for the walking group. Each session of this intervention was divided into three parts: (1) stretching exercises for the muscles of the trunk, the neck, and the upper limbs; (2) seven breathing exercises; and (3) inspiratory muscle training with a RESPIRON^®^ (NCS Ltda, Barueri, SP, Brazil). This apparatus is a exerciser and incentive spirometry ([Figure S1](#SD1-cia-10-593){ref-type="supplementary-material"}).

### Social interaction group (the control group)

This group participated in activities involving social interaction and met at the same frequency as the intervention groups. None of the activities involved physical exercises or any specific therapy for the respiratory system.

For more details of the interventions, see the "Supplementary materials".

Data analysis
-------------

The study consists of two independent variables, namely, groups and moment ("pre" and "post"). Therefore, multivariate analysis of variance (MANOVA) with repeated measures was used. The dependent variables were standardized by *z*-score. The general linear model (repeated measures) was used to perform the MANOVA. For main and interaction effects, the confidence interval adjustment was made by Bonferroni. The group × moment interaction from the ANOVA is presented in the "Results" section. The significance level of *P*≤0.05 was adopted for all statistical procedures.

Results
=======

All the groups had a greater number of women and a similar mean for age, education, and cognitive profile ([Table 1](#t1-cia-10-593){ref-type="table"}). The breathing group showed a slight increase in heart rate at rest, whereas the walking group showed a decrease. The results for the strength of the respiratory muscles showed that the breathing and walking groups exhibited improved maximal expiratory pressure. For the cirtometry, the breathing and walking groups showed improved in amplitude index in two anatomical reference points: axillary fold and umbilical scar ([Table 2](#t2-cia-10-593){ref-type="table"}).

In addition to the pulmonary parameters, several blood parameters were analyzed ([Table 2](#t2-cia-10-593){ref-type="table"}). No differences were observed for any of the blood parameters. Although changes in the blood parameters were not observed, performance on the cognitive tests changed significantly.

Statistical interaction was detected for semantic memory, executive functions (mental manipulation of information, abstraction, and mental flexibility), and attention as well ([Table 3](#t3-cia-10-593){ref-type="table"}). In relation to semantic memory, the control group, surprisingly, showed improvement in performance. On the other hand, for mental manipulation of information, the control group showed poorer performance. In relation to abstraction, the breathing group showed improved performance, whereas the control group showed decreased performance. For mental flexibility, the breathing group showed a significant decrease in the number of perseverative errors in the test. Finally, for attention, the control and walking groups showed a slight decrease in performance, with a greater decrease in the control group.

Depressive symptoms, and state and trait anxiety were controlled, and no change was observed. The Baecke Questionnaire results showed that the control and breathing groups did not improve their physical activity level ([Table 3](#t3-cia-10-593){ref-type="table"}).

Discussion
==========

The improvement in pulmonary performance did not alter the blood parameters for oxygen transport (erythrocyte, hemoglobin, and SpO~2~). The hypothesis that those parameters could mediate the association between pulmonary function and cognitive performance was not supported.

For the blood parameters of oxygen transport, none of the elderly presented anemia (hemoglobin was \<12.0 pg for women and \<13.0 pg for men) at baseline or after the 6-month period. Shah et al[@b17-cia-10-593] identified a relationship between the levels of hemoglobin and the cognitive functions of the elderly. They observed that anemia and polycythemia were associated with poorer performance in cognitive functions, particularly semantic memory and perception speed. These two conditions involving altered hemoglobin concentrations are also associated with a more rapid cognitive decline and a higher risk of Alzheimer's disease.[@b18-cia-10-593] Therefore, follow-up on plasma levels of hemoglobin is important for the prevention of some mental diseases. The concentration of oxygen in the blood is directly related to the amount of hemoglobin and its level of saturation in the erythrocytes. Neither of the interventions produced an increase in those parameters at rest.

Britto et al[@b19-cia-10-593] reported that the elderly show lower levels of SpO~2~ in comparison with young adults. In the present study, all the groups showed SpO~2~ \>94%, levels that are considered normal for elderly subjects.[@b20-cia-10-593] These values may not be sufficiently low to influence cognitive performance. Studies show that cognitive impairment is associated with lower values of SpO~2~ than those presented by the volunteers in the present study. Cognitive impairment has been observed in adults with apnea associated with SpO~2~ of 81% and in patients with respiratory impairment as a result of SpO~2~ \<90%.[@b21-cia-10-593],[@b22-cia-10-593] Those studies, however, were not conducted exclusively with elderly individuals. Therefore, it can be expected that individuals older than 60 years show a more significant cognitive impairment as a result of hypoxemia. This principle emphasizes the importance of activities that maintain SpO~2~ within adequate levels.

No previous studies in the literature have associated the practice of respiratory training with the cognitive performance of the elderly. Respiratory exercises consist of activities that require attention to the instructions and mental planning to perform the sequence of exercises proposed. This aspect of the intervention may be the fundamental reason for the greater effectiveness in the improvement of the cognitive function. Respiratory exercises are considered a nonpharmacological technique for the promotion of sleep.[@b23-cia-10-593] This effect could also constitute an indirect mechanism through which the elderly in the breathing group improved their cognitive performance. This relationship should be further investigated in future studies.

Mental stimulation and social interaction are also important variables in the maintenance of cognitive functions during aging. For this reason, the control group participated in activities involving social interaction. Vance et al[@b24-cia-10-593] proposed the "hypothesis of social stimulation" produced by group activities as one of the main factors that enhance cognitive functions. Nevertheless, the social interaction group in the present study showed a decrease in cognitive functions and attention and showed improvement only in semantic memory. The multimodal aspect of the activities the control group might explain this result. Perform several different activities can lead at general benefits in cognition but show little effects for some specific parameters of cognitive functions.[@b25-cia-10-593] In the other side, specific training produces substantial general benefits and good transfer effects, even for aspects of the executive functions that were not stimulated.[@b26-cia-10-593]

The cognition results for the group that performed aerobic exercises contradicts other studies reported in the literature that detected better cognitive performance after the practice of systematized physical exercises.[@b7-cia-10-593],[@b8-cia-10-593],[@b13-cia-10-593] On the other hand, they confirm a previous systematic review that questions whether the aerobic training component is necessary for improvements in cognitive function.[@b12-cia-10-593] Other types of physical exercise or interventions can find better results. The prefrontal cortex appears to be more sensitive to the effects of aging; therefore physical exercise has been found to promote greater benefits for the executive functions than for the other cognitive parameters.[@b6-cia-10-593],[@b27-cia-10-593] However, this improvement in the executive functions was not observed in the present study. Our results corroborate those of a systematic review that did not find any effect in the majority of the studies among subjects without cognitive decline after exercise programs.[@b28-cia-10-593]

It is noteworthy that each type of physical exercise appears to produce distinct effects on cognition.[@b6-cia-10-593],[@b12-cia-10-593] Özkaya et al[@b29-cia-10-593] used the same prescription of aerobic exercise (walking) used in the present study and observed only slight cognitive alterations relative to the control group. Moreover, those researchers observed that strength training yielded more significant effects on cognitive functions than did walking. According to van Uffelen et al[@b28-cia-10-593] the large variability in exercise programs, sample characteristics, and outcome measures hamper comparisons between studies.

In general, aerobic exercise and respiratory training helped to maintain or improve the parameters of cognitive functions of the elderly. This result is significant because a cognitive decline is expected in elderly individuals.[@b30-cia-10-593] Elderly individuals who show a decline in cognitive capacity might display a stable and benign trajectory, but this decline might represent an incipient dementia in certain cases.[@b31-cia-10-593] The maintenance of cognitive functions is also fundamental because it reduces the risks of death and functional incapacity in the elderly.[@b32-cia-10-593]

Factors that can influence cognitive performance were also controlled, and no interference was detected. None of the groups presented depressive symptoms (GDS \>10 points) or high levels of anxiety (STAI \>50) at baseline. Generally, one of the main benefits of physical and respiratory exercises is the effect of these exercises on the factors that modulate cognitive performance, such as anxiety and depression.[@b15-cia-10-593],[@b24-cia-10-593] Participation in the activities of the study might have contributed to the maintenance of the baseline condition of the elderly.

Finally, the interventions used yielded positive results for the pulmonary and cognitive functions of the elderly. Future studies could investigate the levels of oxygenation during and after each of the activities performed. Additionally, the effects of the interventions used in the present study might be different for more specific samples, eg, elderly individuals with hypoxemia or anemia. Different results might also be observed after the combined practice of aerobic exercise and respiratory training.

Strengths and limitations
-------------------------

The strengths and weaknesses of this research are worth noting. On the positive side, the present study was a longitudinal randomized trial in which interventions were monitored and supervised. The interventions suggested in this study can be offered by the departments of public health because they are easy, affordable, and have low cost. Stimulating preventive behaviors must be the key role of health professionals. The present study is original in that it measured respiratory pressure and the thoracic-abdominal circumference. Further, it assessed the effects of respiratory training on cognitive performance. On the other hand, it has some limitations. The measurement of blood oxygenation at rest may not represent the potential benefits of interventions for the elderly. These interventions may have provided greater SpO~2~ during the performance of activities, and this benefit may be extended for a certain time after the end of the activities. Other measurements of SpO~2~ could have been performed throughout the day. The benefits of exercise may have been limited by the intensity-based prediction of maximal heart rate and not directly measured in a laboratory test. Although the formulas for predicting maximal heart rate have good correlation with that measured by the maximal heart rate in test, direct determination is even more effective. Finally, all groups had dropouts, and the final sample was not as large. Using a larger sample size could yield significant differences in other variables (eg, age and episodic memory). Nevertheless, future large-scale studies might also confirm the present results.

Conclusion
==========

Aerobic exercise and respiratory training improved the pulmonary function of the volunteers. No alterations were detected in the SpO~2~. Respiratory training improved specific cognitive parameters, such as executive functions and attention. The activities that involved only social interaction (control group) improved only semantic memory.

Supplementary materials
=======================

Details of the interventions
----------------------------

### Aerobic exercise group (the "walking" group)

The maximal heart rate (HR~max~) was estimated with the equation: $${HR}_{\max} = 220 - \text{age}$$the heart rate reserve (HRR) was calculated from the heart rate at rest (HR~rest~), using the equation: $${HRR} = {HR}_{\max} - {HR}_{rest}$$

The training intensity was calculated with the equation: $$\text{Intensity} = \%\ \text{of~target~intensity}\ ({HR}_{\max} - {HR}_{rest}) + {HR}_{rest}$$

The intensity was adjusted at the beginning of each month, and the volunteers followed the following training schedule: 2 months at their own chosen of intensity (adaptation), 2 months at 60%--70% of HRR, and 2 months at 70%--80% HRR. The program was performed in two public parks. The parks are safe, clean, well-wooded, and have appropriate space to practice physical exercises.

### Respiratory training group (the "breathing" group)

The breathing exercises were performed sitting in a comfortable upright position with spine straight. For each session, seven exercises were chosen from the list below. "Low" breathing (abdominal or diaphragm breathing): While sitting, maximum inspiration was taken through the nose, while relaxing the abdomen; after, maximal inspiration was taken while contracting the abdomen."High" breathing ("clavicular breathing"): While sitting, the abdomen was kept contracted; in this position, a breath was taken through the nose, filling and emptying the chest only (The breathing in this position is difficult and short)."Middle" breathing: While sitting, the abdomen was lightly constricted, and then, a breath was taken through the nose mainly, with expanding of the middle region of the trunk (position of eighth to 12th ribs); after, the breath was slowly released."Alternate" breathing: While sitting, inhalation was done through both nostrils, with exhalation through the left nostril and right nostril, alternately. Blockage of the nostrils on the exhale was done alternately with the index finger and thumb of the hand of preference."Bellows" breathing: While sitting, with mouth gently closed, breathing in and out of the nose was done as fast as possible. This exercise could be performed with low, middle, or high breathing."Hara" breathing: While sitting, slow inspiration was done through the nose followed by a pause; then the breath was exhaled with the mouth open (pronouncing "fffff..."). The abdomen remained relaxed and returned to starting position to the end of expiration."Yawn" breathing: While sitting, a maximal inspiration was followed by expiration with mouth open, with the pronouncement of the vowel "a" (yawning)."Blow the soup" breathing: While sitting, maximal inspiration was done through the nose, followed by expiration with mouth beak-shaped, as if blowing on soup. Variation: A maximal expiration was performed while simultaneously contracting the abdomen."Blow the candle" breathing: While sitting in front of a lit candle, maximal inspiration was done through the nose, followed by exhalation with mouth beak-shaped, blowing the candle flame just enough to bend it, without extinguishing it. Variation: The candle was placed at different distances, requiring greater control of expiratory flow. Slow expiration was performed while simultaneously contracting the abdomen."Lateral" breathing: While sitting, the left hand was placed on the right ribs; Inspiration was performed while tilting the torso to the left and extending the right arm straight over the head (the participant was instructed to "Feel the pressure" in the ribs under the left hand). This was followed by the return to starting position, with expiration. The same exercise was repeated for the opposite side.Strong contraction of the abdomen: While standing, the participant slightly inclined the trunk forward and rested hands on semiflexed knees. A maximum expiration was done, followed by strong contraction of the abdomen and elevation of the diaphragm. This position was held for a few seconds, followed by inspiration and relaxation of the abdomen."Blocking" breathing: While sitting, a maximal inspiration was followed by a pause in breathing. The epiglottis was held closed, with head tilted, for as long as possible.Oscillation of the trunk: While sitting, a maximum inspiration was followed by a pause. With bated breath, the chest and abdomen were alternately contracted and expanded, for a certain time, followed by a maximum expiration.Pulmonary stimulation: While sitting, a maximum inspiration was followed by a pause. With bated breath, the chest was lightly slapped. Further inspiration was attempted, then the air was released through exhalation.Breath expansion: While sitting, inspiration and expiration was done without pause. The same exercise was performed with one pause and then, with two pauses. Three pauses were attempted. The aim was to fractionate the breath with the pause and promote further expansion of the chest. Variation: At every pause, the breath was held and the abdomen was contracted one to three times."Jug" breathing: While sitting, one hand was placed on the abdomen and the other on the chest. Inspiration was done "by filling" the abdomen and then the chest. The expiration emptied the air first from the chest, then the abdomen."Semiblocked" breathing: While sitting, one nostril was blocked. Slow inhalation and exhalation was done through one nostril, followed by repeat with the other nostril."Fractionated" breathing: While sitting, breaths were taken in "small portions" (fractional) to the maximum filling of the lungs, followed by exhalation in small portions until complete emptying. The abdomen was simultaneously contracted with each exhalation."Total awareness" exercise: While sitting, breathing was done through the nose, by "filling the abdomen"; in the maximal pulmonary capacity the breath was blocked and then, the abdomen was contracted. After a pause, exhalation was done through the mouth with further contraction of the abdomen. At the end of exhalation, the abdomen was relaxed."Emptying the lungs": While sitting, full exhalation was done through the mouth with simultaneous contraction of the abdomen. The breath was held and head tilted, and this position was maintained as long as possible. This was followed by a strong inspiration through the nose, while lifting the head and relaxing the abdomen.

In the third part of session, the volunteers performed inspiratory muscle training using the RESPIRON^®^ device (NCS Ltda, Barueri, SP, Brazil). This apparatus promotes resistance to the flow of inspired air. It consists of three cylinders that house balls ([Figure S1](#SD1-cia-10-593){ref-type="supplementary-material"}). With inhalation through the mouthpiece, the balls rise as result of the effort (visual incentive). The respiratory training was conducted in a large, airy and quiet room. The volunteers performed the exercises sitting in a chair without arms.

[Figure S2](#SD2-cia-10-593){ref-type="supplementary-material"} shows the instructions for use of the RESPIRON^®^. The exercises started at level "zero" (adjustment in the base of the first cylinder). After completing the exercises 1--6 at level 0, the level was changed to level 1 and the exercises performed again and so on, until level 3 was completed.

### Social interaction group (the control group)

The participants performed activities such as painting, knitting, art with material recycled, tapestry, marquetry, embroidery, and origami. Each volunteer participated in three different activities per week. The activities were performed in a public senior living center.

###### 

Illustration of the exerciser and incentive spirometry

**Note:** Adapted with permission from the product manual (RESPIRON^®^; NCS Ltda, Barueri, SP, Brazil).^1^

###### 

Instructions for use of the RESPIRON^®^ (NCS Ltda, Barueri, SP, Brazil).

**Notes:** Extra instruction: Put adhesive labels on the air intake of cylinders 2 and 3 (front and back). Perform exercises 1--3. Then, remove the adhesive labels and perform exercises 1--6, at level 0.
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###### 

Baseline demographic and clinical characteristics for each group

                      Control (n=22)   Breathing (n=24)   Walking (n=22)   ANOVA   
  ------------------- ---------------- ------------------ ---------------- ------- ------
  Female              86.3%            87.5%              68.18%                   
  Age (years)         69.2 (4.8)       65.9 (5.2)         66.2 (5.6)       3.03    0.06
  Education (years)   12.9 (2.5)       12.5 (2.9)         12.9 (2.7)       0.13    0.82
  MMSE (score)        28.7 (1.5)       28.1 (1.5)         28.8 (1.6)       1.42    0.25

**Note:** Values are expressed as mean (standard deviation).

**Abbreviations:** ANOVA, analysis of variance; MMSE, Mini-Mental State Examination.

###### 

Results of the heart rate at rest, pulmonary parameters and blood analysis

                                Control              Breathing           Walking              ANOVA interaction                                                                                                      
  ----------------------------- -------------------- ------------------- -------------------- ------------------- --------------------- -------------------- ------ ------------------------------------------------ ------
  HRrest (bpm)                  73.3 (68.8, 77.8)    73.9 (69.9, 77.8)   71.5 (67.2, 75.8)    73.9 (70.1, 77.7)   74.0 (69.5, 78.5)     71.2 (67.3, 75.2)    3.14   0.05[a](#tfn3-cia-10-593){ref-type="table-fn"}   0.88
  Erythrocytes (10^−6^/mm^3^)   4.8 (4.6, 4.9)       4.7 (4.5, 4.9)      4.7 (4.5, 4.8)       4.6 (4.5, 4.8)      5.0 (4.8, 5.1)        4.9 (4.7, 5.0)       0.42   0.65                                             0.01
  Hemoglobin (g/dL)             14.1 (13.6, 14.5)    13.9 (13.4, 14.5)   13.7 (13.3, 14.1)    13.9 (13.4, 14.4)   14.2 (13.7, 14.6)     14.5 (14.0, 15.0)    1.33   0.27                                             0.03
  Hematocrit (%)                41.4 (40.1, 42.6)    41.4 (40.1, 42.7)   41.3 (40.1, 42.5)    41.2 (39.9, 42.4)   42.6 (41.3, 43.9)     42.5 (41.2, 43.9)    0.05   0.95                                             0.01
  SpO~2~ (%)                    95.4 (94.8, 96.0)    95.7 (95.1, 96.2)   95.4 (94.8, 96.0)    96.5 (96.0, 97.1)   95.5 (94.0, 96.1)     96.1 (95.5, 96.7)    2.30   0.11                                             0.07
  MEP (cm/H~2~O)                81.8 (75.0, 88.6)    83.0 (76.5, 89.6)   84.5 (77.9, 91.0)    92.0 (85.8, 98.3)   93.8 (87.0, 100.6)    99.6 (93.1, 106.2)   4.77   0.01[a](#tfn3-cia-10-593){ref-type="table-fn"}   0.13
  MIP (cm/H~2~O)                85.6 (76.0, 95.2)    82.1 (73.2, 91.1)   82.7 (73.5, 91.9)    87.5 (78.9, 96.1)   88.1 (78.6, 97.8)     92.3 (83.4, 101.3)   2.99   0.06                                             0.08
  AI axillary fold (cm)         1.17 (0.87, 1.47)    1.22 (0.92, 1.51)   1.56 (1.27, 1.85)    2.02 (1.74, 2.30)   1.24 (0.93, 1.54)     1.51 (1.22, 1.80)    3.57   0.03[a](#tfn3-cia-10-593){ref-type="table-fn"}   0.10
  AI xiphoid process (cm)       1.87 (1.38, 2.37)    2.05 (1.63, 2.46)   2.33 (1.86, 2.81)    2.83 (2.44, 3.22)   2.06 (1.56, 2.55)     2.48 (2.07, 2.89)    2.00   0.14                                             0.60
  AI umbilical scar (cm)        0.35 (-0.01, 0.72)   0.41 (0.06, 0.76)   0.05 (−0.29, 0.40)   0.72 (0.38, 1.05)   −0.02 (−0.39, 0.33)   0.48 (0.13, 0.83)    7.41   0.01[a](#tfn3-cia-10-593){ref-type="table-fn"}   0.19

**Notes:**

Significant differences. Values are expressed as mean (95% CI).

**Abbreviations:** AI, amplitude index; ANOVA, analysis of variance; CI, confidence interval; ES, effect size; HRrest, heart rate at rest; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; SpO~2~, oxygen saturation in arterial blood.

###### 

Results of the cognitive tests and potential confounders

  Test          Cognitive domain              Control             Breathing           Walking             ANOVA interaction                                                                                                    
  ------------- ----------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ------- ------------------------------------------------ ------
  LOGIC_I       Declarative/episodic memory   22.0 (19.7, 24.4)   25.4 (22.7, 28.1)   20.3 (18.0, 22.5)   21.0 (18.5, 23.6)   21.4 (19.1, 23.8)   25.2 (22.5, 27.9)   2.70    0.07                                             0.08
  LOGIC_II      Evocative memory              18.0 (15.7, 20.4)   22.8 (20.2, 25.4)   16.0 (13.8, 18.3)   17.5 (15.0, 20.0)   16.5 (14.2, 18.8)   19.5 (16.9, 22.1)   2.13    0.13                                             0.06
  Vocabulary    Semantic memory               30.1 (27.0, 33.2)   38.5 (34.6, 42.3)   29.0 (26.1, 32.0)   28.3 (24.6, 32.0)   30.6 (27.6, 33.8)   31.8 (27.9, 35.7)   12.60   0.01[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.28
  Information   Semantic memory               16.1 (13.0, 18.3)   17.7 (15.4, 20.0)   14.5 (12.5, 16.7)   16.0 (13.8, 18.2)   16.8 (14.6, 19.0)   17.6 (15.4, 20.0)   0.55    0.57                                             0.02
  DIGITS_F      Short-term memory             5.3 (4.8, 5.8)      5.0 (4.5, 5.5)      5.0 (4.6, 5.5)      5.2 (4.8, 5.8)      5.0 (4.6, 5.6)      4.9 (4.4, 5.4)      2.04    0.14                                             0.06
  DIGITS_B      Mental manipulation           4.7 (4.2, 5.3)      4.1 (3.7, 4.7)      3.8 (3.3, 4.3)      4.2 (3.8, 4.8)      4.0 (3.5, 4.6)      4.1 (3.7, 4.7)      3.76    0.03[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.11
  CORSI_F       Visuospatial memory           4.8 (4.3, 5.3)      4.9 (4.8, 5.3)      4.8 (4.4, 5.3)      5.0 (4.6, 5.5)      4.8 (4.3, 5.3)      4.7 (4.3, 5.2)      0.61    0.54                                             0.02
  CORSI_B       Visuospatial memory           4.3 (3.8, 4.8)      4.3 (3.8, 4.8)      4.3 (3.8, 4.8)      4.0 (3.6, 4.5)      4.7 (4.2, 5.2)      4.5 (4.0, 5.0)      0.26    0.77                                             0.01
  W_Cat         Abstraction                   4.6 (3.9, 5.4)      4.0 (3.3, 4.7)      4.1 (3.5, 4.9)      4.8 (4.2, 5.5)      4.5 (3.8, 5.2)      4.6 (4.0, 5.4)      6.01    0.01[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.16
  W_PE          Mental flexibility            5.0 (2.8, 7.3)      6.0 (4.0, 8.0)      5.7 (3.6, 7.9)      3.7 (1.8, 5.7)      4.9 (2.7, 7.1)      5.3 (3.3, 7.4)      4.31    0.02[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.12
  SYMBOLS       Attention                     28.4 (25.3, 31.6)   22.0 (19.1, 25.0)   25.9 (22.9, 29.0)   25.7 (22.9, 28.5)   28.8 (25.6, 32.0)   26.3 (23.4, 29.3)   9.38    0.01[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.22
  GDS           Depressive symptoms           9.0 (6.9, 11.1)     9.0 (7.0, 11.1)     6.3 (4.3, 8.4)      5.5 (3.5, 7.5)      7.0 (4.9, 9.1)      7.0 (5.0, 9.1)      1.55    0.22                                             0.05
  STAI          State anxiety                 38.9 (34.1, 43.8)   33.5 (29.9, 37.0)   37.6 (33.0, 42.2)   33.6 (30.2, 37.0)   35.1 (30.3, 39.9)   32.5 (29.0, 36.1)   0.37    0.69                                             0.01
  BAECKE        Physical activity             3.7 (2.5, 4.9)      4.0 (2.7, 5.4)      4.2 (3.1, 5.4)      4.3 (3.0, 5.6)      2.7 (1.6, 4.0)      6.1 (4.7, 7.5)      12.0    0.01[a](#tfn5-cia-10-593){ref-type="table-fn"}   0.27

**Notes:**

Significant differences. Values are expressed as mean (95% CI).

**Abbreviations:** BAECKE, Modified Baecke Questionnaire, for the elderly; CI, confidence interval; CORSI_F, Corsi's block, forward order; CORSI_B, Corsi's block, backward order; DIGITS_B, backward digit span; DIGITS_F, forward digit span; ES, effect size; GDS, Geriatric Depression Scale; LOGIC_I, Logic Memory I; LOGIC_II, Logic Memory II; STAI, State-Trait Anxiety Inventory; SYMBOLS, symbol search; W_Cat, number of categories by Wisconsin Card Sorting Test; W_PE, perseverative errors of Wisconsin Card Sorting Test.
